Chiharu IBUKIYAMA
In the present study, weobtained an overall view of the spatial QRSloop from conventional VCGby using the resolver method (7) rather than the general measurements. The morphological features, planarity in particular, of the spatial loop were studied in comparison with hypertrophic patterns in HCMpatients. Differences in these factors were also examined in HHDpatients showing left ventricular hypertrophy similar to HCMon VCG.
MATERIALS AND METHODS The present study included 100 subjects: 30 normal individuals (N) (19 males and ll females; mean age 56.2± 13.3), 30 HHDpatients (21 males and 9 females; mean age 54.1 ± ll.8) and 40 HCM patients (29 males and ll females; mean age 48.3 ± 13.1). The HCMgroup was further divided according to hypertrophic patterns on M-mode echocardiograms into 14 patients with asymmetrical septal hypertrophy (ASH), 12 with apical hypertrophy (APH) and 14 with diffuse hypertrophy (DH). Patients with hypertrophic obstructive cardiomyopathy (HOCM) were excluded from the study (Fig. 1) .
We investigated the patients by echocardiography; in particular, the apical view was examined in detail. To determine the APHgroup, we screened The HHDpatients selected for study were those with a systolic blood pressure of higher than 160 mm Hg and a diastolic pressure of higher than 95 mm Hg on at least three previous blood pressure measurements, and those who met all of the following VCG criteria for left ventricular hypertrophy.
1) The magnitude of the maximumvector in the horizontal plane was increased more than 2.0 mVand showed left posterior displacement.
2) The ST vector was directed significantly to the right.
3) The QRS-Tangle was widened. HHDpatients thus selected showed no significant differences from the HCMgroup in terms of the 1) magnitude and angle of the maximal vector of the QRS loop in horizontal and frontal planes, 2) magnitude and arrival time to the maximal vector of the spatial QRSloop, 3) duration of QRSloop, and 4) magnitude in the componentsealer X-lead. In order to investigate the variations of QRSdue to histopathological differences, the HHDgroup was made up of selected cases that indicated no significant differences with the HCMgroup on the VCG. Thus, there was no specific limitation as to the type and degree of cardiac hypertrophy on the echocardiogram. There was no significant difference in parameters on the ECGbetween those groups.
Patients with apparent conduction disturbance such as bundle-branch block or those with the complication of ischemic heart disease were also excluded. Three techniques were used to exclude ischemic heart diseases: confirmation of no mural exercise abnormality on the echocardiogram, no decline or deficiency of Tl-Cl uptake, and no significant coronary artery lesion by cardiac catheterization.
Scalar signals at X, Y and Z in the Frank lead system were obtained from all subjects using a VA-3Hvectorcardiograph (Fukuda Denshi Co., Ltd., Tokyo, Japan). Employing the method of Schmitt (8) and Milnor et al (9), the signals were transformed to obtain the maximal loop (broadside view) on the Braun tube location equivalent to the horizontal plane using a 3-knob coordinate axis transformer set in the vectorcardiograph. Coordinates X, Y and Z were transformed by this manipulation into the coordinates X" ' , Y" ' and Z" ' by the following three formulas:
At this point, the view equivalent to the left sagittal plane is the edgewise view of the spatial loop. The length (a), width (b) and area of the spatial QRS loop were calculated from the broadside view obtained by the above manipulation, and thickness (c) from the edgewise view (Fig. 2) . At the same time, the c/a and a/b ratios were calculated. These factors were then compared between groups.
RESULTS
The area of the spatial QRSloop in the HHD group and each HCMsubgroup was significantly larger than that in the normal group (p<0.01).
There was no significant difference between disease groups (Fig. 3) . The thickness (c) of the spatial QRS loop was significantly greater in the HHDand HCM groups than in the normal group (p<0.01).
The
APHgroup showed significantly greater values than the ASH and HHDgroups (p<0.1, p<0.05) ( HHD group and the normal group (Fig. 5) . All the HCM subgroups showed a significantly greater increase in the ratio than the HHD group (p <0.01, p<0.1) or a tendency toward increase.
There was no significant difference between HCM subgroups (Fig. 6) . The a/b ratio was not significantly different between groups (Fig. 7) .
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NS-*** P<0.01 NSiNot Significant Fig. 3 . Bar graph illustrating the area of the spatial QRS loop. There is no significant difference between the HHD group and each HCMsubgroup. APH, apical hypertrophy; ASH, assymmetrical septal hypertrophy; DH, diffuse hypertrophy; HHD, hypertensive heart disease; N, normal group; NS, not significant 
DISCUSSION
Whenthe coordinate axis is transformed to allow the spatial QRSloop to be observed from the front of a certain plane, the spatial characteristics of the loop can be clarified. In the present study, both the HHDand HCMgroups, which had similar heart electrical forces recorded through the body surface, showedhigh values in the area and thickness of the spatial QRSloop, and no significant difference was found between them. In contrast, the thickness/length ratio in the HHDgroup was similar to that of the normal group, and the HCMgroup 
